Introduction
In the Western world, the age at which women deliver their first child is rising. The aim of this study was to describe the consequences in terms of health outcomes, care and associated health care costs for three hypothetical cohorts of women planning their first pregnancy at a fixed, different age.
Methods
First we developed a Markov model based on literature to predict the age at which women would succeed to have an ongoing pregnancy. We then used data from the Netherlands Perinatal Registry (PRN) to develop a pregnancy model for the course of events and complications once being pregnant, depending on maternal age. Based on these two models, the number of complications for three hypothetical cohorts aged 23, 29 and 36 years at start could be determined together with the associated costs.
Results
For the three cohorts of 23, 29 and 36 year old women, 1.6%, 4.6% and 14% women would not succeed in an ongoing pregnancy. The cohort aged 36 gave 9% more miscarriages, 8% more fertility treatment and 1.4% more multiple births compared to the cohort aged 29 at start. The proportion of caesarean sections among low risk women was respectively 4.9% and 11% higher for the cohorts aged 29 and 36, compared to the cohort aged 23 at start. The costs for the two older cohorts were €421 and €1,612 euro higher per ongoing pregnancy compared to the cohort aged 23 years.
Conclusion
Spontaneous conception and mode of delivery are most susceptible to increasing maternal age leading to involuntary childlessness and nonspontaneous labour. The increase in assisted reproduction technology, twin pregnancies and delivery complications results in higher costs along with fewer ongoing pregnancies at higher age.
Introduction
In the past decades, the age at which women get pregnant has been rising in the Western world and also in the Netherlands. In 1970, the mean age at which women had their first child was 24.3 (the century minimum), this increased to 27.5 in 1990 and to 29.4 years in 2006. 1 Higher female age is associated with decreasing fertility and increasing miscarriage rates and therefore with an increase of involuntary childlessness. [2] [3] [4] For women who succeed in conception at higher age, the risk for complications during pregnancy and in particularly delivery are increased, but also the prevalence of adverse outcomes in their babies. [5] [6] [7] [8] These complications include medical conditions (hypertensive disorders, gestational diabetes, preterm birth), labour factors (induction of labour, prolonged labour) and mode of delivery (caesarean sections). Children have a higher risk for congenital anomalies and foetal and neonatal mortality. 4;9-13 The timing of family planning is influenced by many factors. But much of the observed increase in maternal age of first child has been attributed to changing social aspects, such as the attainment of a higher educational level among women, the changing trade-off of reproductive and career choices (a higher primiparous age decreases negative effects on life time income and development of a professional career) and the changed attitudes towards on-going partner relationships. 6;14-17 The consequence of these changes is an increase of the age at which women decide to become pregnant and subsequently a higher age at which women deliver their first child. In view of the literature mentioned above, we wondered what the consequences were, both in health of the woman and child as well as in heath care related costs. A higher female age decreases the chance of an spontaneous ongoing pregnancy and a higher maternal age increases the risk for complications and adverse outcomes, therefore we were interested in the comprehensive effect of maternal age from start of pregnancy planning until pregnancy outcome. The objective of this paper was to study the consequences of the increasing age of women when planning their first pregnancy in terms of clinical outcomes, care uptake and health care related costs.
Methods
To describe the consequences of starting family planning at higher age we compared the fortunes of three theoretical cohorts of women: one cohort where all women are 23 years of age when they want to become pregnant of their first child, and two other cohorts where women are 29 and 36 years of age. For each cohort, we integrated data on age-related probabilities of conception and complication rates. First, a maternal age dependent model for conception was constructed (model A). Second, we developed a model for the agedependent risk of complications during pregnancy, delivery and puerperium for mother and child (model B). Combining the results of these two models generated the number of ongoing pregnancies, complications/ adverse outcomes and associated costs within these three cohorts. We limited our analyses to outcomes, care and costs until one week after the birth of a baby. The time horizon for succeeding in a first ongoing pregnancy was 10 years.
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Model A: Ongoing pregnancy Model A was a Markov model to determine the probability of conceiving and achieving a subsequent ongoing pregnancy within a defined period of time (observation horizon). Starting point was the wish to conceive at a certain age and each cycle in the model comprised a period of 6 months with a total time horizon of 10 years. For each cycle in the model the proportion of spontaneous ongoing pregnancies, pregnancies ending in spontaneous miscarriage and ectopic pregnancies was determined, assuming fixed agedependent probabilities. In addition, the proportion of women who had an ongoing pregnancy after ART (assisted reproductive technology) was determined. We distinguished between in vitro fertilization (IVF) and the combination of intrauterine insemination and ovulation induction (IUI/OVI). In total the Markov model comprised of six health states: spontaneous ongoing pregnancy, spontaneous miscarriage, ectopic pregnancy, ongoing pregnancy after IUI/OVI, ongoing pregnancy after IVF and not pregnant. Women who failed to conceive during the first cycle or who did not conceive of an ongoing pregnancy were included in the next cycle. The probabilities to move from one state to another differed by maternal age. Ongoing pregnancy, achieved either with or without ART, was the final state of the model -we restricted the model to first-pregnancies. 
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The transition probabilities to change from one state to another were obtained from the literature. We used the age-dependent probability to conceive within 6, 12, 18 and 24 months 18 and the probability to have a spontaneous ongoing pregnancy, a spontaneous abortion or an ectopic pregnancy. 4 We estimated a mean delay of two years for couples to turn to ART if no ongoing pregnancy had been obtained within this period. This delay was the same for the cohort aged 23 and 29 years. For the cohort aged 36 years at start, the mean delay was estimated at one year, in concordance with the guideline for ART. Mean success rates for IUI/OVI 19 and IVF 20 per cycle were obtained from literature and a mean number of four treatment cycles for IUI/OVI and two treatment cycles for IVF was estimated. The probabilities from literature were provided for various age categories on which we applied a smoothing technique (moving average with window 3 years) to obtain the age (by year) dependent probabilities. Table 7 .1 shows the probabilities for the start age of each cohort (23, 29 and 36 years old) based on literature. The output of the Markov model consisted of the number of women in each cohort with ongoing pregnancy and their age, and whether pregnancy occurred spontaneously or by ART. This information was used as input for our second model to determine the age-related complications during pregnancy and delivery for these pregnant women. The Markov model also provided the number of women with a spontaneous abortion, an ectopic pregnancy and the number of women who did not succeed in an ongoing pregnancy within the time horizon.
Model B: Complications and outcome of pregnancy
For the construction of model B we used data from the Netherlands Perinatal Registry (PRN) from nulliparous women for the period 2000-2006. The PRN database contains data on 95% of all pregnancies in the Netherlands, and combines data from three professionbased registries: the national obstetric database for midwives (LVR1 registry), the national obstetric database for gynaecologists (LVR2 registry) and the national neonatal/paediatric database (LNR registry). The three profession based registries are linked on an annual basis using validated probabilistic medical record linkage techniques. 21 Data on the mother, pregnancy, birth, the postpartum period and the child are recorded by caregivers according to institutional protocols.
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Data from the PRN were used to determine maternal age (per year) dependent risks on complications during pregnancy and delivery and adverse outcomes for the child. During the period 2000-2006 the mean maternal age of the first pregnancy increased from 28.7 (SD 4.7) to 28.9 (SD 4.9) years. The proportion of women with advanced maternal age (≥35 years) at their first child increased from 9.6% in 2000 to 13.0% in 2006. The annual maternal age distribution for nulliparous women in the Netherlands is shown in figure 7.1. The data were limited to primiparous women with a western ethnicity and with a social economic status (SES) score between the 10 th and 90 th percentile of the population. We considered the probability to have a singleton or multiple birth based on conceiving spontaneously or with ART. Next the age-dependent probabilities to develop a high risk pregnancy were determined for singleton and multiple pregnancies. A high risk pregnancy was defined as developing hypertensive disorders (including chronic hypertensive disease and pregnancy induced hypertension), (pre)eclampsia, having a spontaneous preterm birth (<37.0 weeks for singleton and <32.0 weeks for multiple pregnancies) or a small for gestational age child (birth weight below the 10 th percentile). For low risk pregnancies the probabilities for mode of delivery were determined for singleton and multiple births and the subsequent risks for fluxus or manual placenta removal. In addition the probability for a low APGAR score and the risk for neonatal admission and admission at a neonatal intensive care unit (NICU) of the child were determined. 
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Analysis
For each age-group (23 years, 29 years and 36 years) we started with a hypothetical cohort of 100,000 women with a wish to conceive. Based on model A we could determine how many of these women would succeed in having an ongoing pregnancy within a 10 year period and at what age. We compared the number of ongoing pregnancies and miscarriages and ectopic pregnancies for the three cohorts. Based on model B the related pregnancy and birth complications and adverse outcomes could be determined for women with an ongoing pregnancy at a particular age for each of the three cohorts.
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Costs Costs were assigned to the treatment and complications in the model based on cost studies, which made it possible to calculate the difference in related health care costs between the three cohorts. Unit costs were obtained from hospital cost calculations and from the literature. Units costs are reported in euros. National price indexes were used to convert costs to 2007 rates. Table 7 .3 provides input parameters for model B by age. The majority of first pregnancies in the PRN registry was among women aged 25-29 years (38%) and aged 30-34 years (36%). The proportion of spontaneous multiple pregnancies increased with increasing maternal age and was 1.1% for women aged 20-24 years vs. 1.9% for women aged 35-39 years. Hypertension increased by maternal age from 6.4% for women aged below 20 years to 14% for women aged above 40 years. Instrumental delivery and caesarean section increased by 112| maternal age; women aged below 20 years had an 81% chance on spontaneous first delivery; this proportion decreased to 49% for women aged above 40 years. No clear age effect was observed for preterm births (<37 weeks). Foetal and perinatal mortality were U-shaped related to maternal age. Perinatal mortality was highest for children born from women aged below 20 years and above 40 years (14 per 1,000 total births), with a minimum at about 28 years. Table 7 .4 shows the pregnancy and delivery related complications per cohort for the women who succeeded in an ongoing pregnancy, according to their age distribution provided by model A. Although the number of ongoing pregnancies was much lower for the cohort of 36 years old first pregnancy planners, the absolute number of multiple pregnancies was still higher. The absolute number of Caesarean sections was higher for the cohort aged 36 years and the proportion of non-spontaneous deliveries was much higher. If health care costs were assigned to the ART help in conceiving and the pregnancy and delivery complications, the results are as follows. The cohort of 29 year old first pregnancy planners succeeded in 3,015 fewer ongoing pregnancies than the cohort of aged 23, while the costs per cohort member were €261 higher. For the cohort aged 36 at start, the number of ongoing pregnancies was 12,446 less than for the cohort aged 23, while the costs per cohort member were €1,167 higher. The differences in cost per ongoing pregnancy were respectively €421 and €1,612 higher for the cohorts aged 29 and 36 compared to the 23 year old first pregnancy planners. 
Results
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Discussion
Maternal age at first child is high in the Netherlands and has still been rising in the past 7 years. Consequences of higher maternal age are most apparent in the percentage of women who suffer from involuntary childlessness, the percentage of women undergoing ART and the percentage of women with complicated deliveries. Compared the cohort aged 23 at start, the differences in related costs per ongoing pregnancy were respectively €421 and €1,612 higher for the cohorts aged 29 and 36 years at start. This is the first study to combine the effect of increasing maternal age on both conception and pregnancy complications, as well as outcome. We combined parameters obtained from literature and parameters obtained from nation wide registry data. Data on age dependent probabilities on conceiving within a certain time frame were obtained from a study where participants were recruited through European centres for providing services on fertility awareness and natural family planning. 18 People using natural family planning methods may differ from the general population in the spontaneous conception probabilities. However, as this applies to women of all age groups, it will have no influence on the difference between the three cohorts. Data on age dependent probabilities for foetal loss were obtained from a study in Denmark covering the period 1978-1992. 4 They used a national discharge registry to obtain the probabilities, which might have led to an underestimation of spontaneous miscarriages because not all women are admitted to a hospital for this reason. Mean age-dependent success rates per treatment cycle were used |115 for ART, while success rates may differ per cycle. Withdrawal from treatment after initial start was not incorporated in the model, success rates might therefore be lower in practice as a result from withdrawal due to the burden of treatment. Age dependent probabilities for complications and adverse outcomes were estimated from national registry data over a 7 years period. The reported mean maternal age in 2006 based on PRN data was 0.5 lower than reported by Statistics Netherlands, because at Statistics Netherlands maternal age is determined at December the 31 st of the year the child was born. We tested for changes over time, and found a significant rise in the number of Caesarean sections and instrumental deliveries. As we needed 7 years data to obtain stable age dependent probabilities, we used the mean Caesarean Section rate and instrumental delivery rate by age group for the 7-year period. Women from non-western ethnicity and low or high social economic status were excluded from the analysis. Both non-western ethnicity and low SES are overrepresented in the younger age groups, and this phenomenon might have yielded more negative results for these groups. Limitations of the study include that data on body mass index (BMI), smoking, education and other variables that may interact with the relation maternal age and pregnancy complications and outcome were not available. From cohort studies in the Netherlands it is known that smoking during pregnancy is more prevalent among younger age groups and higher education is more prevalent among older age groups. 22;23 If the risk profile would have been the same for all age groups, the estimated differences would have been larger. Another limitation is that no information was available on prenatal screening and the uptake by maternal age. Registration of NICU admissions is mandatory, but neonatal admissions of newborns were only complete for about 60% in the PRN registry. The estimated probabilities of neonatal admissions by maternal age might therefore be an underestimation of the true probabilities, but no indications exist that incompleteness is related to maternal age.
We focussed only on the first child, and decided to look at primiparous women only. The effect of having a first child at higher age also has a large effect on a subsequent child wish. Moreover as higher maternal age is connected to more delivery complications, women who succeed in a second ongoing pregnancy also have a more complicated obstetric history with consequences for the current pregnancy. We chose for three contrasting cohorts with a homogeneous age structure (all members had the same age at start) to show the effect of increasing maternal age. We showed that the influence of increasing age not only played a role for the cohort of 36 years old, but was already visible for the 29 year old cohort compared to the 23 year old. Although pregnancy at younger age (< 20 years) also has negative effects, especially on mortality outcomes, we focused on the effects of increasing maternal age. When the analyses were repeated for cohorts aged 31 and 33 years at start, differences were gradually observed in proportion of miscarriages, proportion not pregnant after 10 years, multiple pregnancies, caesarean sections and neonatal admissions compared to the cohort aged 29.
The probabilities for complications and adverse outcomes by age that were applied in model B were obtained from the PRN registry. A slight increase for hypertension was observed with increasing age. This association was already found for gestational hypertension in a Dutch cohort study. 24 Luke et al distinguished between chronic and pregnancy-related hypertension and found lower overall probabilities, but a stronger ageeffect from 30 years onwards. 7 Delbaere et al reported on hypertension during pregnancy
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and found a larger difference between age 25-29 years and age ≥35 years (6.6% and 8.7%) but lower prevalence. 25 Joseph et al also combined hypertensive disorders (chronic and pregnancy induced), but reported low rates and found a U-shaped relation with maternal age. 6 For preterm birth (<37.0 weeks) the age related pattern found in our study was different than the pattern reported for other populations. 6 ;25 A clear relation between maternal age and preterm birth was not found for the Dutch population. We found a higher proportion of preterm birth among younger age groups and a lower proportion of preterm births among higher age groups when compared to others. This might have been caused by the different risk profile among younger and older women in the Netherlands. 22 The probabilities of Caesarean section by age found for the Dutch population were lower than found in Canada 6 , Belgium 25 and the US 7;15 , but the pattern with increasing age was similar. It was observed that the Caesarean section rate was also rising in the Netherlands during the study period (to 15% in 2006). For instrumental delivery we found similar percentages as in Belgium and higher percentages for all age groups than in the US.
The decision for couples to plan a first pregnancy is dependent on several circumstances. In this study we only focussed on the fertility and health consequences of higher maternal age of both woman and child. Information on the consequences of increasing maternal age should preferable be common knowledge and be incorporated in routinely preconception care so that couples can take all relevant issues into consideration. It is thereby important to note that the decreasing spontaneous conception probability especially from the age 33 onwards, makes 'planning' a pregnancy at higher age more difficult. In addition, more delivery complications, adverse outcomes and higher health care costs are associated with higher maternal age. Society has a role in informing the population but also in creating optimal circumstances for having children at any age.
